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The difference in sleeping perch height follows several trends reported that the larger of two sympatric lizards tends to occupy the higher daytime perch sites (Schoener and Schoener, 1971a) and that preferred perch height is a characteristic of locality (i.e., altitude and ambient daytime temperature range) rather than species (Jenssen, 1973). Anolis krugi, the stouter-bodied of the two species, does in fact occupy the higher perch sites when sleeping. This is interesting because the higher perch sites tend to be the less supportive. These thinner portions of the grass stalk make the lizard quite conspicuous, although this would be of little consequence if there are no nocturnal predators. This is observed in other anoles in the Antillean chain, but no other Puerto Rican anoles are reported to exhibit this behavior; they are arboreal and encounter no such problems of support or conspicuousness (Schoener and Schoener, 1971b , 1982; Houck, 1986 ). Ultimately, a receptive female straddles the male's tail and follows him forward. In this position, the male pauses to deposit a spermatophore. The spermatophore is a two-part structure consisting of a gelatinous base that supports and elevates an apical mass of sperm. After deposition, the pair moves forward until the female is positioned over the spermatophore and the sperm mass is in her cloaca. This indirect transfer of sperm is characteristic of most salamander species.
Bennett and Houck (1983) measured oxygen consumption and lactate formation to estimate the aerobic and anaerobic costs of complete courtship for 15 male-female pairs of D. ochrophaeus. Both aerobic and anaerobic sources of energy were significantly higher for courting pairs than for non-courting pairs. Bennett and Houck found that, compared with estimates of daily energy expenditure available from another study (Fitzpatrick, 1973) , total behavioral courtship costs were only about one percent of the daily energy budget for this species.
Although the behavioral costs associated with successful courtship were energetically insignificant, we speculated that the cost of the spermatophore itself might be a significant expenditure for the male. In general, the cost of actually delivering spermatozoa to the female may be trivial in relation to overall courtship expenditures made by the male. But the male's physical ability to package and deliver sperm to the female may be limited (e.g., see Nakatsuru and Kramer, 1982). Another reason that spermatophore costs might not be trivial is the observation that spermatophore size can vary substantially. Although only one spermatophore is usually deposited on a given night, occasionally two and (rarely) up to five spermatophores can be deposited by a single male. In these cases of multiple depositions during one night, the relative size of the last spermatophore (including the base as well as the sperm mass) is markedly decreased (LH, pers. obs.).
Our original goal was to use bomb calorimetry to measure the caloric content of complete spermatophores (base plus sperm mass). But, probably because animals were collected too close to their normal period of hibernation, too few (<four) complete courtships occurred during five hour periods of continuous observations. Instead, we had much greater success using a protocol in which pairs were checked regularly and the spermatophore bases were collected (after the female had removed the sperm mass). Accordingly, we measured the caloric content of 41 spermatophore bases in order to estimate the average energetic expenditure per base.
The D. ochrophaeus were collected during September 1984 from Macon Co., North Carolina, and brought immediately to the laboratory. Twenty males and 20 females were housed individually in plastic boxes (17 x 31 x 9 cm) with damp paper towels as a substrate and for a refugium. Salamanders were kept at approximately 15?C on a natural (Chicago) photoperiod, and were fed Drosophila adults and larvae ad libitum.
Courtship encounters were staged between malefemale pairs (as in Houck et al., 1985) In preparation for bomb calorimetry, spermatophore bases were air dried and weighed using a Perkin Elmer AD-4 Autobalance. We used a Phillipson Oxygen Microbomb Calorimeter to conduct the caloric analyses. The calorimeter was calibrated with a benzoic acid standard. The caloric content of individual spermatophore bases (mass = 0.2-0.3 mg, x = 0.261, SD = 0.052, N = 41) was beneath the limit of resolution for the calorimeter. Therefore we pooled bases to form four samples of 8, 9, 10, and 14 bases, respectively.
After combusting each sample, the residue was weighed before and after ashing in a muffle furnace at 500?C for 3 hr. The post-treatment mass of each residue was -99.6% of its original value. We interpreted this as evidence that sample combustion was complete in the calorimeter, and that caloric values were not underestimates.
Masses and caloric content of our four samples are given in Table 1 . Within each sample, the average number of calories per base was calculated by multiplying initial dry mass times calories per mg and dividing this value by the total number of bases in the sample. The overall mean is 0.838 cal/base, calculated by dividing total calories by the total number of bases (N = 41). The average caloric cost represents the release of 3.51 J/base.
A study of daily energy intake and secondary productivity in D. ochrophaeus (Fitzpatrick, 1973) provides baseline values with which to compare our estimates of the energy expenditure associated with the production of a spermatophore base. Our estimate of 3.51 1983) . Although this latter value may reflect disproportionate expenditures by the male (since males generally take a more active role in pursuing the female and making contact with her), the male's energetic expenditure in base production alone is about twice the expenditure made in actually courting the female.
There are few vertebrate examples for which the energetic costs directly associated with sperm delivery exceed those of courtship. In this respect D. ochrophaeus differs greatly from other vertebrates for which direct measures of reproductive energetics are available. In the leptodactylid frog Physalaemus pustulosus, for example, oxygen consumption is doubled (relative to resting levels) when a male calls, and is quadrupled when the male is building the foam nest that protects the eggs (Bucher et al., 1982) . Although the energetic content of the male's spawn has not been measured, it seems likely that, in contrast to the situation for D. ochrophaeus, this cost would be small relative to overall courtship costs.
The glandular capacity to produce spermatophores may be more important than energetic considerations as a limiting step in spermatophore production (e.g., Verrell, 1986). A histological study of spermatophore formation in D. ochrophaeus was conducted by Sever and Houck (1985) . They showed that cloacal glands were visibly depleted of secretory material if a male had deposited a spermatophore the previous night. Recent behavioral experiments also suggest another limitation to male mating capacity in D. ochrophaeus: males that encounter a potentially receptive female each night for multiple nights do not court every single night (Verrell, 1988) . Male mating capacity in the smooth newt (Triturus vulgaris, Salamandridae) also seems to be limited by glandular capacity to produce spermatophores (Verrell, 1986 Our results are based on the courtship behavior of two small adult males kept in the laboratory and 16 observations of courtship in the field at Rock Springs run, Apopka, Florida (Kramer, 1986). Most laboratory observations were made by UF on a male (plastron length = 18 cm) housed in a 100 x 40 x 40 cm aquarium. Water temperature varied from 22 to 30?C in the summer and from 20 to 26?C in the winter. An artificially heated basking board was provided. The aquarium was exposed to a natural light cycle. Most of this male's courtship behavior was directed toward a female P. concinna, an aquarium mate for over 5 years. A female P. nelsoni added later was ignored. Notes were taken on over 200 courtship episodes (over 20 hr total) involving this male. The male kept by MK (plastron length = 16.5 cm) was housed similarly in a 180 x 39 x 33 cm aquarium with a 12L:12D cycle. Water temperature varied from 20 to 27?C. This male shared the aquarium with a female P. nelsoni, and one male and two female P. floridana peninsularis after their capture in Sept. 1984. This male courted the female P. nelsoni almost exclusively throughout the 9 month observation period although copulation was never seen. Courtship of this male was documented using a super 8 camera at 18 frames/sec (parts of 13 courtship episodes totalling about 2 min) and by 40 hours of time-lapse videotaping (including 23 courtship episodes).
We were unable to detect any obvious differences in these males' courtship behavior when courting female P. nelsoni vs. courting other pseudemid species once courtship began. Therefore, we have combined all observations when describing the males' behavior. 
